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Abst r act

As we approach the end of the millennium nuch attention has been
paid to the so-called "Y2K" problem Nearly everyone now regrets the
short - si ght edness of the programmers of yore who wote prograns
designed to fail in the year 2000. Unfortunately, the current fixes
for Y2K |l ead inevitably to a crisis in the year 10,000 when the
prograns are again designed to fail.

This specification provides a solution to the "Y10K" probl em whi ch
has al so been called the "YAK" problem (hex) and the "YXK"' probl em
(Roman nureral s).

1. Introduction, Discussion, and Rel ated Wrk

Many prograns and standards contain, manipul ate and mai ntai n dates.
Conparing and sorting dates is a comon activity. Many different
formats and standards for dates have been devel oped and all have been
found wanti ng.

Early date formats reserved only two digits to represent the year
portion of a date. Programs that use this format nmake mni stakes when
dealing with dates after the year 2000. This is the so-called Y2K
probl em
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The nost common fix for the Y2K probl em has been to switch to 4-digit
years. This fix covers roughly the next 8,000 years (until the year
9999) by which tine, everyone seens convinced that all current
programs will have been retired. This is exactly the faulty logic
and | azy programming practice that led to the current Y2K probl en
Programmers and desi gners al ways assune that their code wll
eventual |y di sappear, but history suggests that code and prograns are
often used well past their intended circunstances.

The 4-digit year leads directly to prograns that will fail in the
year 10,000. This proposal addresses the Y10K problemin a genera
way that covers the full range of date and tinme fornmat issues.

1.1 Current approaches

A |l arge nunber of approaches exist for formatting dates and ti nes.
Al of themhave limtations. The 2-digit year runs into trouble
next year. The 4-digit year hits the wall in the year 10,000. A
16-bit year runs out in the year 65,536. A 32-bit counter for the
nunber of seconds since 1970 [UNI X] waps in 2038. A 32-bit counter
for the number of mlli-seconds since booting crashes a Wndows (TM
PC in 49.7 days [Mcrosoft].

In this specification, we focus on the Y10K problens since they are
nmost conmon and a | arge number of existing standards and protocol s
are susceptible to them (section 7). These standards, and new
proposals on their way, will lead to a serious worl d-w de probl em

unl ess efforts are made now to correct the conputing, government, and
busi ness communi ties.

Al ready, a small cottage industry is popping up to deal with the Y10K
problem [ YUCK]. We encourage these efforts and, in the com ng years,
this effort can only grow in size and inportance.

1.2 A Fixed Format Y10K Fi x

At the time of this witing, only one proposal [WIborne] directly

deals with the Y10K problem 1In that proposal, dates are represented
as decimal nunbers with the dates conmpared nunerically. The proposed
format is sinply YYYYYMVDD - i.e. 5-digit years.

To all ow nunerical conparison of dates, this representation requires
a conpletely fixed representation for the date. There can be no
optional fields, the date resolutionis limted to the granularity of
one day, and this solution fails in the year 100,000 (Y100K)
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1.2.2 Linmtations of Nunerical Conparison

VWile sufficient for the specific YLOK problem this solution is
limted. Even if extended for 6-digit years, it fails on 32-bit
systens (and future 32-bit systemenulators) after the date
represented by the nunber 2147481231 (Decenber 31, 214748) |eading to
a Y214749 problem Sinmilarly, 64-bit and 128-bit systems also will
fail, although somewhat |ater (after Decenber 31, 922,337,203, 685, 477
and Decenber 31, 17,014,118, 346, 046, 923, 173, 168, 730, 371, 588, 410
respectively).

1.2.3 Granul arity |ssues

The granularity problens of a fixed format date can be inproved by
extending the date format to include greater precision in the date.
However, since nunerical conparison of dates requires a fixed
representation date, an extended format can not provide sufficient
resolution for all foreseeabl e needs.

For instance, if the precision were extended to the fento-second
range the date format woul d becone YYYYYMVDDHHMVESTmmuuunnnpppf f f
(year, nonth, day, hour, mnute, second, mlli-second, mcro-second,
nano- second, pico-second, and femto-second). The additional 21
digits of this format limt the set of representable dates. Conpared
to 1.2.2, the 32-bit and 64-bit forms of the date are instantly
exceeded, while the 128-bit version would be viable - expiring on
Decenber 31, 17,014, 118, 346, 046

1.2.3.1 Extrapolation of Future Granularity |ssues

However, a sinple extrapol ation of More' s |aw shows that even

fem o-second resolution will soon be inadequate. Projecting current
CPU cl ock speeds forward, a fento-second clock speed will be achieved
inonly 30 years. And, by the year 10,000 the projected clock speed
of the Intel Pentium MVDCLXVI (TM will be approximately 10 ** (-
1609) seconds.

Thi s discussion clearly shows that any fixed-format, integer
representation of a date is likely to be insufficiently precise for
future uses.

1.2.3.2 Floating Point I's No Sol ution
The tenptation to use floating point nunbers to represent dates
shoul d be avoided. Like the |longer fixed-format, integer

representations of the date, floating point representations nerely
delay the inevitable tinme when their range is exceeded. |n addition,
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the well known problens of real nunbers - rounding, de-nornalization,
non-uni formdi stribution, etc. - just add to the problenms of dealing
w th dates.

2 Structure of Y10K Sol ution
Any Y10K sol ution should have the follow ng characteristics.
2.1 Comnpatibility

The format nust be conpatible with existing 4-digit date fornmats.

Y2K conpliant prograns and standards must continue to work with Y10K
dates before the year 10,000. Y10K conpliant prograns can gradually
be devel oped over tine and coexist with non-Y10K conpliant prograns.

2.2 Sinmplicity and Efficiency

Y10K dates must allow dates after 10,000 to be easily identified.
Wthin a program there nust be a sinple procedure for recognizing
the Y10K dates and distingui shing themfrom|egacy dates.

2.3 Lexical Sorting

Y10K dates nust be sortable lexically based on their ASClI
representation. The dates nmust not require specialized |libraries or
pr ocedur es.

2.4 Future Extensibility

Y10K dates nust support arbitrary precision dates, and shoul d support
dates extending arbitrarily far into the future and past. Y10K dates
fromdifferent eras and with different precisions nust be directly
compar abl e and sortabl e.

2.4.1 Environnental Considerations

The known universe has a finite past and future. The current age of
the universe is estimated in [Zebu] as between 10 ** 10 and 2 * 10 **
10 years. The death of the universe is estimated in [Nigel] to occur
in 10 ** 11 - years and in [Drake] as occurring either in 10 ** 12
years for a closed universe (the big crunch) or 10 ** 14 years for an
open universe (the heat death of the universe).

In any case, the prevailing belief is that the Iife of the universe
(and thus the range of possible dates) is finite.
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2.4.2 Transcendi ng Environmental Considerations

However, we m ght get lucky. So, Y10K dates are able to represent
any possible time without any limts to their range either in the
past or future.

Y10K conmpl i ant programs MAY choose to linit the range of dates they
support to those consistent with the expected |ife of the universe.
Y10K compliant systems MJST accept Y10K dates from 10 ** 12 years in
the past to 10 ** 20 years into the future. Y10K conpliant systens
SHOULD accept dates for at least 10 ** 29 years in the past and
future.

3 Syntax Overview

The syntax of Y10K dates consists of sinple, printable ASCII
characters. The syntax and the characters are chosen to support a
sinmple lexical sort order for dates represented in Y10K format. Al
Y10K dates MJUST conformto these rules.

Every Y10K date MJST begin with a Y10K year. Follow ng the year,
there MAY be an arbitrary sequence of digits. The digits are

interpreted as MVDDHHMVBSmmruuunnnpppfff... (nonth, day, hour,
m nute, second, milli-second, m cro-second, nano-second pi co-second,
fem o-second, etc. - noving left to right in the date, digits al ways

decrease in significance).

Al dates and tinmes MJUST be relative to International Atomic Tine
(TA) [NRAQ .

When conparing dates, a date precedes every other date for which it
is a prefix. So, the date "19990401000000" precedes the date
"19990401000000000". In particular, dates with the format YYYYMVDD
are interpreted to represent the exact instant that the day begins
and precede any other date contained in that day.

3.1 Years 1 - 9999
The current 4-digit year syntax covers all years from 1000 - 9999
These years are represented as 4 decimal digits. Leading 0's MJST be
added to the years before 1000 to bring the year to 4 digits. Files
containing |l egacy pre-YlK [Mke] dates will have to be converted.

3.2 Years 10, 000 through 99, 999
Four digits are not sufficient to represent dates beyond the year

9999. So, all years from 10,000 - 99,999 are represented by 5 digits
preceded by the letter "A'. So, 10,000 beconmes "A10000" and 99, 999
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becomes "A99999". Since 'A follows "9 in the ASCI| ordering, all
dates with 5-digit years will follow all dates with 4-digit years
(for example, "A10000" will sort after "9999"). This gives us the
sort and conpari son behavi our we want.

3.3 Years 100,000 up to 10 ** 30

By a sinple generalization of 3.2, 6-digit years are preceded by the
letter "B, 7-digit years by "C, etc. Using just the 26 upper-case
ASCI | characters, we can cover all years up to 10**30 (the | ast year
representable is "Z999999999999999999999999999999"). Agai n, since
the ASCII characters are sorted al phabetically, all dates sort
appropriately.

3.4 Years 10 ** 30 and beyond (Y10**30)

As discussed in 2.4.1, the end of the universe is predicted to occur
wel | before the year 10 ** 30. However, if there is one single

| esson to be |l earned fromthe current Y2K problems, it is that

speci fications and conventions have a way of out living their
expected environment. Therefore we feel it is inperative to

conpl etely solve the date representation problemonce and for all

3.4.1 Naive Approach for Y10**30 Probl em

The naive solution is to prepend a single '~ (caret) - caret sorts
after all letters in the ASCII order) before all years from 10 ** 30
to 10 ** 56. Thus the year "Z999999999999999999999999999999" is

foll owed by the year "~A1000000000000000000000000000000". Simlarly,
all years from10 ** 56 to 10 ** 82 get one nore caret. So, the year
"1Z99999999999999999999999999999999999999999999999999999999" i s

foll owed by the year
"ANA100000000000000000000000000000000000000000000000000000000". Thi s
schene can be extended indefinitely by prependi ng one addition caret
for each additional factor of 10 ** 26 in the range of the year

In this approach, the nunber of digits in a date that are used to
represent the year is sinply:

26 * <nunber of "~ > + ASCI|(<prefix letter>) - ASCII("A') + 5
Note: this algorithmis provided for informational purposes only and

to show the path leading to the true solution. Y10K dates MJST NOT
use this format. They MJST use the format in the next section
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3.4.2 Space Efficient Approach for Y10**30 Probl em

The solution in 3.4.1 is not a space efficient format for giving the
nunber of digits in the year. The length of the prefix grows
linearly in the length of the year (which, itself, grows
logarithmically over tine). Therefore, Y10K format dates use an

i mproved, nore conpact encoding of the nunber of digits in the year

3.4.2.1 Years 10 ** 30 to 10 ** 56
As in 3.4.1, asingle ' and letter precede the year.
3.4.2.2 Years 10 ** 56 to 10 ** 732

The year is preceded by two carets (""") and two letters. The
letters create a two digit, base 26 nunber which is the nunber of
digits in the year mnus 57. So, the year
"1Z99999999999999999999999999999999999999999999999999999999" i s

foll owed by the year
"ANAA100000000000000000000000000000000000000000000000000000000" . The
| ast representable year with two carets is the year (10 ** 732) - 1
and is "~"ZZ999..999" (i.e. two carets and two Z's, followed by 732
consecutive 9's).

The formula for the nunber of digits in the year is, based on the two
digit prefix is:

26 * (ASClI (<prefix letterl>) - ASCII("A)) +
ASCI | (<prefix letter2>) - ASCII('A) + 57

3.4.2.3 Years 10 ** 732 to 10 ** 18308
The next bl ock of years has the nunber of digits given by three
carets (""~") followed by three letters formng a three-digit, base
26 nunber. The nunber of digits in the year is given by the fornula:
676 * (ASCl|(<prefix letterl>) - ASCII('A)) +
26 * (ASClI(<prefix letter2>) - ASCII("A)) +
ASCl | (<prefix letter3>) - ASCII('A) + 733

3.4.2.4 General Format for Y10K Dates

In general, if there is at least one letter in a Y10K year, the
nunber of the digits in the year portion of the date is given by the
fornul a:

base26(fib(n) letters) + yl0k(n)

d assman, et. al. I nf or mat i onal [ Page 7]



RFC 2550 Y10K and Beyond 1 April 1999

VWhere "n" is the nunber of |eading carets and the fig, base26 and
y10k functions are defined with the follow ng recurrence rel ations:

fib(n) is the standard Fi bonacci sequence with:

fib(0) = 1
fib(1) =1
fib(n+2) = fib(n) + fib(n+l)

base26(mletters) is the base 26 nunber represented by mletters
A-Z:

base26(letter) = ASClI(<letter>) - ASCII('A)
base26(string letter) = 26 * base26(string) + base26(letter)

y10k(n) is the necessary fudge factor to align the sequences

properly:

y10k( 0)

=5
y1l0k(n+l1l) =

26 ** fib(n) + y10k(n)

If the year does not have at |east one letter in the year, then the
nunber of digits in the year is:

4

This year format is space-efficient. The length of the prefix giving
nunber of digits in the year only grows logarithmically with the
nunber of digits in the year. And, the nunber of carets preceding
the prefix only grows logarithmcally with the nunber of digits in
the prefix.

3.5 B.C E. (Before Cormon Era) Years
Now t hat have a format for all of the years in the future, we'll take
on the "negative" years. A negative year is represented in "Y10K-
conpl enment” form A Y10K-conpl enent year is conputed as follows:

1) Cal cul ate the non-negative Y10K year string as in 3.4.2.4.

2) Replace all letters by their base 26 conplenent. |.E. A-> 272 B
->Y, ... Z->A

3) Replace all digits in the year portion of the date by their base
10 conplenent. I.E 0->9, 1->8, ... 9->0

4) Repl ace carets by exclamation points ('!").
5) Four-digit years are pre-pended with a slash ('/")
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6) Years that don’t now begin with an exclamation point or slash are
pre-pended with a star ('*'). (This rule covers the negative 5-
31 digit years)

For exanple, the year 1 BCE is represented by "/9998". The
conversion is acconplished by applying rul es:

1) Cal cul ate the non-negative Y10K year ("1" -> "0001")
2) Complenment the digits ("0001" -> "9998")
3) Four-digit nunbers get a |eading slash

The earliest four-digit BCE year (9999 BCE) becones "/0000" and the
year before that (10000 BCE) becones "*7z89999". The earliest 5-digit
BCE year (99999 BCE) is "*Z00000". And the year before that (100000
BCE) is "*Y899999". And so on

These rules give the desired sort order for BCE dates. For exanple,
the followi ng dates get translated and sorted as:

Jun 6, 200 BCE /97990606
199 BCE /9800
Jan 1, 199 BCE /98000101

3.6 Restrictions on Y10K Dates

There are no restrictions on |l egal values for Y10K dates. Y10K
compliant programs MUST accept any syntactically | egal Y10K date as a
valid date. A 0 can be appended to the end of any Y10K date,

yi el ding an equivalent date that sorts imediately after the origina
date and represents the instant after the original date.

The following are all valid representations (in sorted order) of the
first instant of A10000:

Al

A10000

A1000001

A100000101000000
A1000001010000000000000000000000

Simlarly, the following are all valid Y10K dates (in sorted order)
for the tinme after the last instant of the A99999 and before the
first instant of B100000:

A999991231250000
A999991232

A999992

A9999999999
A99999999990000000000000
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4 ABNF
The foll owi ng ABNF [ Crocker] gives the formal syntax for Y10K years.

The initial characters definitions are given in their |exica
collation (ASCI 1) order

excl amati on !

st ar =*

sl ash =/

digit = 0| 1] 2| 3| 4] 5| 6] 7] 8] 09

letter = Al B|] C|D|]E|]F] GIH] I ] J] K| L] M|

N O P QI R S| T] U] V] W] X] Y] Z

caret =N

year = [*(caret | exclamation) | star | slash ] [ *letter ]
*digit

nmont h = 2digit

day = 2digit

hour = 2digit

m nut e = 2digit

second = 2digit

fraction = *digit

date = year [ nonth [ day [ hour [ mnute [ second [ fraction

111111

5 Open Issues

There are a nunber date conparison problens that are beyond the scope
of this specification

1) Dates fromdifferent cal endar systens can not be directly
conpared. For instance, dates fromthe Aztec, Bhuddist, Jew sh
Muslim and Hittite cal endars nust be converted to a comon
cal endar before conparisons are possible.

2) Future re-nunberings of years are not covered. |If, and when, a
new "Year 0" occurs and conmes into general use, old dates wll
have to be adj usted.

3) Continued existence of Earth-centric time periods (year, day,
etc.) are problematical past the up-com ng destruction of the
sol ar system (5-10 billion years or so). The use of atomic-tinme
hel ps sone since | eap seconds are no | onger an issue.
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4) Future standards and nmethods of synchronization for inter-
pl anetary and inter-galactic tinme have not been agreed to.

5) Survivability of dates past the end of the universe is uncertain.

6 Affected Standards

A number of standards currently and RFCs use 4-digit years and are
af fected by this proposal:

rf c2459:

rfc2326:
rfc2311:
rfc2280:
rfc2259:
rfc2244:
rfc2167:
rf c2065:
rfc2060:
rfcl922:
rfcl912:
rfc1903:

rfcl521:
rfcll23:

The foll ow
(0..65536)

rfc2021:
rfcl514:

The fol | ow
| SOB601:

Internet X. 509 Public Key Infrastructure
Certificate and CRL Profile

Real Time Stream ng Protocol (RTSP)

CDETTE File Transfer Protocol

Routing Policy Specification Language (RPSL)

Si npl e Nonencl ator Query Protocol (SNQP)

ACAP -- Application Configuration Access Protocol
Ref erral Whois (RWois) Protocol V1.5

Donmai n Name System Security Extensions

I nternet Message Access Protocol - Version 4revl
Chi nese Character Encoding for Internet Messages
Conmon DNS Operational and Configuration Errors
Textual Conventions for Version 2 of the

Si mpl e Networ k Management Protocol (SNWPv2)

M ME (Mul tipurpose Internet Mail Extensions) Part One:

Requirenments for Internet hosts - application and support

ng standards internally represent years as 16-bit nunbers
and are affected by this proposal:

Renot e Network Mbonitoring Management |nformation Base
Version 2 using SMv2
Host Resources M B

ng | SO standard is affected:
I nternational Date Format

8 Security Considerations

Y10K dat es

will inprove the security of all programs where they are

used. Many errors in prograns have been tracked to overflow while

parsing ill
dates will
errors can

egal input. Prograns allocating fixed size storage for
exhibit errors when presented with |arger dates. These
be exploited by wily hackers to conprom se the security of

systens running these prograns. Since Y10K dates are arbitrary

| ength stri
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In addition, positive Y10K dates are easy to conpare and | ess error-
prone for humans. It is easier to conpare the three projected end of
the universe dates - "H100000000000", "121000000000000" and

" K100000000000000" - by looking at the leading letter than by
counting the 0's. This will reduce inadvertent errors by people.
This advantage will beconme nore noticeable when |large dates are nore
conmon.

Unfortunately, negative Y10K dates are a bit nmore difficult to

deci pher. However, by conparing the current age of the universe to
its projected end, it is obvious that there will be many nore
positive dates than negative dates. And, while the nunber of
negative dates for human history is currently greater than the number
of positive dates, the nunber of negative dates is fixed and the
nunber of positive dates is unbounded.

9 Concl usi on
It is not too early to aggressively pursue solutions for the Y10K
problem This specification presents a sinple, elegant, and
efficient solution to this problem
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12. Full Copyright Statenent
Copyright (C) The Internet Society (1999). All R ghts Reserved.

Thi s docunent and translations of it may be copied and furnished to
others, and derivative works that comment on or otherwi se explain it
or assist in its inplenentation my be prepared, copied, published
and distributed, in whole or in part, without restriction of any

ki nd, provided that the above copyright notice and this paragraph are
included on all such copies and derivative works. However, this
docunent itself may not be nodified in any way, such as by renoving
the copyright notice or references to the Internet Society or other
I nternet organi zations, except as needed for the purpose of
devel opi ng I nternet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into | anguages ot her than
Engl i sh.

The Iimted perm ssions granted above are perpetual and will not be
revoked by the Internet Society or its successors or assigns.

Thi s docunent and the information contained herein is provided on an
"AS |S" basis and THE | NTERNET SOCI ETY AND THE | NTERNET ENG NEERI NG
TASK FORCE DI SCLAI M5 ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG
BUT NOT LI M TED TO ANY WARRANTY THAT THE USE OF THE | NFORMATI ON
HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED WARRANTI ES OF
MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE
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